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Of Special Note
U.s. IOOS®: Our Eyes on Our Oceans, Coasts, and Great Lakes.

National Surface Current
Mapping Plan

2009 Regional Workshop Proyldlng the data and information needed to improve safety, enhance our economy, and protect our
Materials environment.

Federal Funding The Integrated Ocean Observing System (100S®) is a federal, regional, and private-sector partnership
Opportunities working to enhance our ability to collect, deliver, and use ocean information. 100S delivers the data
and information needed to increase understanding of our oceans and coasts, so decision makers can
November 2009 Industry take action to improve safety, enhance the economy, and protect the environment.

Workshop Flyer (pdf)

Waves Plan

OBSERVATIONS DATA MANAGEMENT COMMUNICATIONS

Commemoration of Texas
Tower 4 weather buoy
4406

Data Integratlon Framework (DIF)||Press Room
Data Management and Calendar of Events

. ¢ 3 Communications (DMAC) Messaging Materials
Business Case for LB Participate in U.S. DMAC Brochures, Videos, Podcasts
Improving NOAA Standards 2-grams

Management and §
Integration of Ocean and DMAC Steering Team

Coastal Data

100S Timeline

INTERAGENCY PROGRAMS| GLOBAL OBSERVATIONS
IWGOO I00S Strategic L -
HE

NOAA I0OS Program
Strateqgic Plan

FY 09 Regional Fact Sheets e Pl Ocean Observatories Initiative  (IGlobal Ocean Observing System

Marine Protected Areas NOAA's Global Component of U.S.
Coastal Inundation o P, mrsdy g sl National Water Quality Monitoring ||[I00S
Collaboration Site now live i Network Group on Earth Observations
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Northwest Association of Networked Ocean Observing Systems

The Integrated Ocean Observing System (IO0S)
Regional Association for the Pacific NW

]( @\ S @ WWW.NAaNOOS.org
JATED OCEAN DBSERVING SYSTEN




NANOOS Governing Councn Members 112010

1. Ocean Inquiry Project 4, Western Association of Marine Laboratories

2. OR Dept of Land Conservation & Development 25. Science Applications International Corporation

3. Surfrider Foundation 26. OR Dept of Fish and Wildlife

4. The Boeing Company 27. King County Dept Natural Resources & Parks

5. Oregon State University 28. Quinault Indian Nation

6. Puget Sound Partnership 29. Western Resources and Applications

7. University of Washington 30. OR Dept of State Land

8. WET Labs, Inc. 31. Columbia River Crab Fisherman’s Association

9. Oregon Health and Sciences University 32. Port of Neah Bay

10. Quileute Indian Tribe 33. Northwest Research Associates

11. OR Dept of Geology and Mineral Industries 34. Pacific Ocean Shelf Tracking Project

12. Humboldt State University 35. WA Dept of Fish and Wildlife

13. Marine Exchange of Puget Sound 36. Northwest Aquatic and Marine Educators

14. WA Dept of Ecology 37. Seattle Aquarium

15. Pacific Northwest National Laboratory 38. NOAA Northwest Fisheries Science Center

16. Port of Newport 39. Port Gamble S’Klallam Tribe

17. Puget Sound Harbor Safety Committee 40. The Nature Conservancy

18. Sound Ocean Systems, Inc. 41. Portland State University

19. Council of American Master Mariners 42. NOAA Olympic Coast National Marine Sanctuary

20. Hood Canal Salmon Enhancement Group 43. VENUS/University of Victoria

21. Pacific Northwest Salmon Center 44. University of Oregon

22. Northwest Indian Fisheries Commission B |ndustry

23. Sea-Bird Electronics, Inc. B¥ Tribal Government mm Academia/Research
B NGO

B Federal/State/Local Government
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Stakeholder Priorities

The NANOOQOS GC selected five areas from among results of numerous
regional workshops as the highest regional priorities because
“these issues represent those having the greatest impact on PNW

citizenry and ecosystems and, we believe, are amenable to being

substantively improved with the development of a PNW RCOQOS”:
» Maritime Operations
» Ecosystem Impacts, including hypoxia and HABs
* Fisheries
« Mitigating Coastal Hazards

 Climate, including ocean acidification

These priorities were put forth in our NANOOS proposal and are being
addressed by the development of our regional coastal ocean
observing system (RCOOS).
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NANOOS RCOOS
Enhancement
Conceptual Design

Proposed new coastal buoy

Existing coastal buoy to be sustained

Existing estuarine buoys* to be sustained
in partnership

Existing glider track to be sustained
Proposed new long-range HF site
Existing long-range (180 km range)
HF site to be sustained in partnership

Existing standard-range (50 km range)
HF site to be sustained in partnership

AAA| e

Proposed new port wave radars

Shoreline assessment to be sustained
in partnership

*estuarine buoys are more numerous than symbols

( ‘Crescent City




NANOOS RCOOS: 2007-2009 Implementation

NANOOS RCOOS

48°N
Shelf buoy (NH-10)

’ (water temperature, air pressure/temperature,
relative humidity, salinity, oxygen, wind
speed, wind direction)

Estuarine buoys*
@ (salinity, temperature, turbidity, pressure,
chlorophyll, oxygen, fluorescence, nitrate)
46°N -

Glider track
—— (salinity, temperature, oxygen,
fluorescence)

( Long-range HF radar (180 km range)
(surface currents u/v)

44N ( Standard-range HF radar (50 km range)

(surface currents u/v)

X-band radar
(Peak spectral wave period, wave direction)

Beach and shoreline monitoring
(erosion/accretion rates, variability,
bathymetry)

42°N+—

( Crescent City
CA B Numerical models
(currents, water temperature)

| I :
128°w 1 2f°W 126°W 125%W 12;°W 12:;°W 122°W “estuarine buoys are more numerous than symbols




NANOOS Observing Assets

Funded 100% by NOAA IOOS
@ Funded Partially by NOAA 100S
Funded 0% by NOAA 100S
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128°w

127°w

Greys Har(\

Willapa Bay .»

Heceta
Banks

( ‘Crescent City
CA
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122°W

NANOOS RCOOS
Enhancement
Conceptual Design

AAA| e

Proposed new coastal buoy

Existing coastal buoy to be sustained

Existing estuarine buoys* to be sustained
in partnership

Existing glider track to be sustained
Proposed new long-range HF site

Existing long-range (180 km range)
HF site to be sustained in partnership
Existing standard-range (50 km range)
HF site to be sustained in partnership
Proposed new port wave radars

Shoreline assessment to be sustained
in partnership

*estuarine buoys are more numerous than symbols

OOl Conceptual
Design
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OCEAN OBSERVATORIES INT

Coastal mooring

Cabled mooring

Deepwater column mooring
High voltage primary node
Medium voltage primary node
RSN cable

Glider track -=J== Glider



A multi-platform high-resolution coastal
ocean observing sensor array for
researching Washington coastal waters and
ecosystem response to climate change

A University of Washington proposal to the
Murdock Charitable Trust

29 June 2009

@ AAAAAAAAAAAAAAAAAAAAAAAAAAA APL.WASHINGTON .EDU | UNIVERSITY OF WASHINGTON TR
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The view: |
¢ Lhe | NOAA NDBC
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Existing: 49°N | B U\ G, 3 T
| o
Most only surface T, | L
except off OR & gliders
Xcep gl 480N, |
/| ©
Previous:
7-y NSF-funded glider 47°N 1
tracks |
46°N,

Planned: i

Still a gap off WA that
the proposed mooring* 45°N 1
and glider  would fill |
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Science Issues

* WA coast is under sampled, physical dynamics are
poorly resolved

* WA coast has seasonal hypoxia, strong inter-annual
variation, but dynamics are different than off OR

* WA coast has a harmful algal bloom (HAB)
“hot-spot” at Juan de Fuca eddy

* WA coast impacted by ocean acidification, as is
whole Pacific coast

* Current model accuracy is limited by data input

@ AAAAAAAAAAAAAAAAAAAAAAAAAAA .APL.WASHINGTON .EDU | UNIVERSITY OF WASHINGTON TR



Hoh lodson ribs Mukah Tre Quileute Tribe uinusle bdion Natam Offiee of the Lengrmoe
2464 Lower Hiob Road [LE RN (TN § B PO Boy 279 PO oy 159 PO Hox 002
Forke WA 9833 Neah Blay . WA 98387 Lalfash. WA 98350 tuholah WA 93587 Oy mapin. WA 25504

ARESOLUTION OF THE Olympic Coast Intergovernmental Policy Council
Hesolution No. 2007-10-29-001

Whereas, the Olympic Coast Intergovernmental Policy Council (IPC) s a Trbal, State, Federal
arganization created through an MOA adopted January 30, 2007, the purpose of the Council is to provide
an eflective and efficient forum for communication and exchange of information and policy
recommendations regarding the management of marine rescurces and aclivities within the boundaries of
the Olympic Coas! National Marine Sanctuary (DCNMS),

Whereas, the coastal treaty tribes operate under their respective constitutions, Treaties of Neah Bay, and
Olympia;

Whereas, the State of Washington operates under the State of Washington Constitution, Centennial
Accerd and the Governors proclamation of April 28, 2005;

Whereas, the Olympic Coast IPC recognizes that management of marine resources within OCNMS can
be improved by dialogue among the governmeants within the boundaries of the OCNMS;

Whereas. the IPC recogmizes thal it is only through informed management that marine resources can be
sustained for future generations:

Whm during a regular meeting of IPC on October 25, 2007 at Taholah. Washington, the IPC adopted

Whereas. the ocean research and monitoring initiative defines the following pronty programs for the
initial work of the IPC: (1) Rockfish Assassment: (2) Habitat Surveys: (3) Ocean Montonng Buoys (4)
Long Range High Frequency Radar; and (5) Coastal Margin Observation Program;

NOW, THEREFOR, BE IT RESOLVED, that the IPC does hereby approve the Ocean Hesearch and

Monitonng Initiative, : /
Dave Hudson ames R. Woods Melvin Moon FK'
Quileute Indi

Hoh Indian Tribe Makah Indian Tribe

qJ‘.l&v{&‘-e ’ . A
£d Johnstone thieen Drew
Quinault Nation Washington State

The above resolution was adopted at a regular meeting with the presence of a quorum of the Clympic
Coas! Intergovernmental Policy Council at Taholah, Washington on the 29" day of October, 2007 by a
consensus.
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TEGRATED OCEAN DBSERVING SYSTEN

Murdock-funded observing assets

Expected on-line 2010

45" syntactic foam float
float depth 15 m in winter

10 m S mmer \1"\——- ADCP 300kHz Workhorse

A

data telemetered /

to shore near real-time

WQaM+ISUS
(CTD,Fluorescence,
backscatter,O; and nitrate)

=0
anemometer
short and longwave radiation
e rain gauge

a|r temp relative humidity
O, sensor (atmos)

modem ARGOS beacon

———pCO, sensor (ocean)

\\ SBE 37 MicroCat (6 total)
— inductive cable breakout

: euphotic | \ Acoustic Modem
SBE 37 MicroCat T :
- oldcro e o D Al '\ADCP 300 kHz Workhorse
acoustic modem U N \\ ) )
and buoy controller ——— i ) V) //, ‘ .\SBE 39 T-logger (11 total)
=1 ‘ SBE 37
18 m (13 m in summer) stopper \ WQM+PAR+UIM = 4
dat ticall (CTD,flucrescence, SBE 39
2 aqo:{s’ = yrf . ! backscatter,O; and PAR) \
transmitted to surface mooring ‘ ISUS nitrate+UIM+batt.
{(~500 m from surface mooring) TECE
: SBE 39
<N__ <m SN — ——SBE39
<A :
‘f? T, 3 SBE 39
b SeaTramp PP2 profiler SBE 39
with CTD, Oz, velocity, fluorescence, : : — SBE 37
turbidity and nitrate sensors 3/8" 3x19 PP jacket wire rope = SBE 39
3/8" 3x19 PP jacket wire rope :\ SBE 39
V TT—SBE39
85 J B gl s WQM+UIM e
? LB
ol Stoppe s @ s CTD, fluorescence, - TTT—SBE 39
o] double ORE CART releases gackscatter,oz) —
i$’ / with recovery line canister +SBE39 Yo SR
Seaglider —— 3 ton swivel
3/4" chain
s : 1425 kg anchor Benthos 865 release _
———3@"diaNylonline (10m) (o0 T H with recovery line canister
1092 kg anchor

-/(948 kg in water)

100 m
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* The buoy is the most sophisticated buoy to be deployed off
Washington and will give us unprecedented data for this location.

« It will record water temperature, salinity, oxygen, nutrients,
chlorophyll from algae, water currents, pH, carbon dioxide, and

particles, as well as a host of weather measurements, such as wind
and air temperature.

« The information from this observing array will give us keen insight
into the physical and atmospheric dynamics of the WA coast. The
data will be readily used to aid the accuracy of computer models of
both the ocean and weather.

* The buoy will be used specifically to study:

— Ocean acidification, not only so we know the status on the WA coast but
also about the oceanic waters coming into Puget Sound.

— Oxygen, which we know has caused fish kills both on the coast and in
Puget Sound.

— Algal blooms, both ones that feed our food web and ones that can be
harmful or toxic.
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The Seaglider, developed at UW, is an autonomous
vehicle that glides and profiles along programmed
routes.

It will measure many of the same variables as the buoy,
temperature, salinity, oxygen, chlorophyll, particles, but
gives wider coverage and context.

In addition, it has been outfitted with an acoustic
receiver; this technology is being tested to track the
migration of salmon from Puget Sound.

All of this is cutting edge research, and sorely needed in
order to better understand our marine environment and

food web.
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Location for the Murdock-funded WA coastal sensor array and glider

49°N S

48° j“, : 3 New Buoy
8°N \ A |

If‘;jer Line

30'
|
46°N . . - , ; - - o
127°W 126°W 125°W 124°W 123°W 122°W



Hypoxia: Inter-annual variation

ECOHAB-PNW 6 I\ . 2
Survey 2 ‘ C > N Survey 1
Sept. 28-Oct.2, 2006 ‘ s P Sept.3-9,2006

DO (ml/l) S5 DO (ml/l)
near bottom - near bottom

1 1

!

30 126°W 30 125°W 30° 124°W 30 300 126°W 30° 125°W 30 124°W

Analysis: Hickey Group, UW Connolly et al., In Prep.




Hypoxia: Glider track off OR

line: NH_200906200455-200906231836_jane
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u NIVERSITY Atmospheric Sciences

Oregon State USU College of Oceanic and Pls: J. Barth / K. Shearman




Ocean acidification & the Pacific

Aragonite Saturation Depth

A ,2 - T ‘ 3000

2500

2000

1500

Latitude

1000

s00

Latitude

T T B | T
30°E 60°E  90°E  120°E 150°E  180° 150°W 120°W 90°W 60°W  30°W 0

Feely et al. (2004)

APPLIED PHYSICS LABORATORY | WWW.APL.WASHINGTON.EDU | UNIVERSITY OF WASHINGTON




Saturation horizons shoaling

Global Water-column
Dissolution = 0.5 Pg C yr-l

Modern Aragonite Modern Calcite

Saturation Horizon Saturation Horizon
: Preindustrial Aragonite Preindustrial Calcite
¢ Saturation Horizon Saturation Horizon

The aragonite and calcite
saturation horizons have
shoaled towards the surface
of the oceans due to the
penetration of anthropogenic
CO, into the oceans.

ﬁ, J Pacific Feely et al. (2004)

6U°s S0 W 00 200 e (L e 200 30° H0°  S0°N
Latitude

@ APPLIED PHYSICS LABORATORY I WWW.APL.WASHINGTON.EDU | UNIVERSITY OF WASHINGTON



Coastal upwelling brings it up

1347W L307W 126°W 122°W 118W 1L4W

] T - Ocean Acidification
, Q, 4 O S : , of the North American
S0°NH | % % RS AW g SN

1 R e A Continental Shelf
48°N- . " 3 48N
Z - : 3 M .
e Q. ~ e NACP Coastal Survey Cruise:
ol - | 11 May - 14 June 2007
44N ) 75 | 44N
£2°N 42N R .
(8 Distribution of the depths of the
L N corrosive water (aragonite
sl [)epth:.(;m 6~ 38N saturation < 1.0; pH < 775) on the
o .o 7 . continental shelf of western
o 60 o North America from Queen
send| Wi 3o Charlotte Sound, Canada to San
- — 120 2N Gregorio Baja California Sur,
140 Mexico.
30N :\“ 300N
o o0 Depth of ey On transect lines 5 and 6 the
i ) [ RERNS | corrosive water reaches all the
N e [waters < way to the surface in the inshore

I3W O I3OW 126'W 122°W 0 1LISW 114N waters near the coast.

Feely et al. (2007)

@ APPLIED PHYSICS LABORATORY | WWW.APL.WASHINGTON.EDU | UNIVERSITY OF WASHINGTON




The Seattle Times

Published June 14, 2009

Oysters in deep trouble: Is Pacific Ocean's chemistry
killing sea life?
Oyster larvae have been dying by the hillions. Scientists suspect it's a sign that carbon dioxide is dramatically affecting the ocean

—and if they're right, it could push Washington into the center of the debate about the future of the seas

By Craig Welch
Seattie Times environment reporter

WILLAPA BAY, Pacific County — 4 PREY 10fB MNEXTP»

The collapse began rather unspectacularly.

In 2005, when most of the millions of Pacific oysters in
this tree-lined estuary failed to reproduce,
Washington's shellfish growers largely shrugged it off.

In a region that provides one-sixth of the nation's
oysters — the epicenter of the West Coast's $111
million oyster industry — everyone knows nature can

be fickle. - !
@ enlarge STEVE RINGMAN / THE SEATTLE TIMES
. . Oysters' failure to reproduce will lead workers like Northern
But then the failure was repeated in 2006, 2007 and Oyster Co.'s Gildardo Mendoza to collect far more of their
2008. It spread to an Oregon hatchery that supplies product from a state "oyster preserve" in Willapa Bay. Pacific

oysters haven't successfully reproduced in the wild since

baby oysters to shellfish nurseries from Puget Sound 2004

to Los Angeles. Eighty percent of that hatchery's
oyster larvae died, too.



Harmful Algal Blooms

Research focusing on
“hot spots” where cells
“incubate,” then reach
coast when winds shift

Study on growth and toxicity

<

dynamics, dispersal, and
forecast potential

Juan de Fuca Eddy

Heceta Bank

ECOHAB

Pacific Northwest

e TAB PARTNERGHID

Juan de Fuca —%#

oy WA
® % 3 -

P. pseudodelicatissima

_Aug 8-12

I 500 ng/l

( olumbia River

OR

~ P. anstralis
l ily 23-29
550 ng/L

™
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Trainer et al., 2000 """
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NANOOS - NVS

(20 http: / /www.nanoos.org/nvs/nvs.php?path=NVS-Assets

N V.S )

2 L
\Ql.\ 0’

NANOOS VISUALIZATION SYSTEM

Lat: 41.6072, Lon:-118.7622
Fllters =]

Observations = Forecasts

Order Assets By

Reglons

@ Washington 50

B Oregon 47

B California 12

B British Columbia 12

Types
B Buoys 32
B Cruises 2
B Fixed Shore 49
B Land Stations 8
B Seabed Cabled 4
B Gliders 1
B Satellites 2
B Radar 2
B Forecasts 4

Variables

B Chiorophyll 18
B Dissolved Oxygen 26
@ Nitrate 10

B Salinity 38

B Surface Currents 1

B Tides / Water Level 24
@ Turbidity 14

@ Water Temperature 77
B Wind Direction 46

B Wind Speed 46

V]

&4

& CMOP
& CMOP Columbia '
i NOAA-NCEP
& N.Amer. Mesoscale (NAM) D
& WAVEWATCH Il D
 NOS/CO-OPS
& NOS/CO-OPS Tides B
Radar
4 CORDC
&k HF Radar B
Surface Currents ) 4k
 osu
T OSU X-Band Radar p
Satellite
4 NOAA CoastWatch
@ AVHRR D
SST-1Day
-3 Day
-8 Day
-14 Day
-1 Month B
@ MODIS D
Chiorophyil a- 1 Day [H
Chiorophylla-3 Day B
Chlorophyll a - 8 Day
Chiorophyll a - 14 Day
Chlorophyll a - 1 Month

Station 46213 - Cape Mendocino (094)

Location: California Lat: 40.294 Lon: -124.74
Provider: CDIP-Scripps Data Source: NDBC

24 Hours
L,
Y

Link

FOWERED

Co

° Data Updated: 13 May 2010 6:50 PDT

o Avg. Wave Period (0m):

@ Dom. Wave Period (0m):

° Water Temp. (N/A):
@ wave Height (0m):
° Wave Mean Dir. (Om):

7 Days 30 Days

SpokaneQ,
o

More info % | Cheney

5.9 sec
8 sec
94 degC
26 m
343 deg (from) |

Overlay info

Overlay Created: 15 Apr 2010 17:00 PDT

NVS ® SendUs Your Comments About NVS @ Version History ® NANOOS Home
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NVS 1Phone Application
*Provides unprecedented convenience to a diverse set of users allowing mobile
access and viewing of real-time regional ocean-observing information.

NANOOS Visualization System (NVS) for the NANOOS Mobile iPhone App
Web

2 Lo JLo 8 s e mamame oy e -Aasens e lfo

omey = . . e

[ B s e b b o Ty B S Moo (670 P ¢ NGNS it ot g L Tttt Lt (T W2t 4 St St Gt 4| ST
I5C

o0t - v

Assets on Google Map

Sensor Data Values

Trends and Forecasts

Future Features
user-centered asset viewing by geospatial location (GPS),
user-defined event alerting by area or individual asset, and

sophisticated search for sensor asset & data discovery.

May 24, 2010
May 24, 2010
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In-Situ Observations
AVHRR & MODIS
PRISM Cruise Data

HF Radar

Charophy, Fluoromater, Backacatter
Terporature. Saintrg, Density
Terrperture, Sainity. Dwsotved Orygen

= | e s - OSU Gliders
NH-10

X-Band Radar

and More

NFRA Product Developer’s Workshop, 17-19 May 2010 Jon Allen, David Jones, Troy Tanner, Craig Risien
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Content development stage:

e — system of
1| Ocean Acidification is on the Rise + Harmful Algal Blooms (HABS)
NOAA is studying the growing problem of increased carbon dioxide (COz) in the ocean by collecting

/| realtime data through a variety of efforts to determine what's happening to seawater chemistrydue  Qregon, ¢ © CoaStal Change and FlOOd Hazards
o ¥ | to ocean acidification and its impact on organisms that live in the ocean as well as the possible

Rl o ¢ Tsunamis
+ Maritime Operations e Ecosystem Impacts e Regional Fisheries + Beach Safety

. . 3 .
Bl Hypoxia in Pacific Northwest Mari HY Marine Spat1al Plann]ng

Since 2000, fish and crab kills in the Puge ecome more
common and frequent occurrences.

on 1.6

N significant changes are the additions of image
overlays, allowing information to be displayed on top of the map. Other improvements include filter

Planning stages:

+ Climate Change as a Coastal Hazard
¢ El Nino/La Nina

+ Maritime Operations

+ Fisheries
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Thank you!



Partnerships: the intersection of science, technology & applications
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INTERGOVERNMENTAL POLICY COUNCIL
ANNUAL REPORT
2008

Applications

134w 24 2°W 118°W 14w

Science ' Technology
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